Patients with antiphospholipid syndrome (APS) may develop a broad spectrum of pulmonary disease. Pulmonary thromboembolism and pulmonary hypertension are the most common complications, but microvascular pulmonary thrombosis, pulmonary capillaritis, and alveolar haemorrhage have also been reported. Clinicians should seriously consider these types of vascular injury when evaluating patients with APS who present with dyspnoea, fever, and infiltrates on chest radiography. he antiphospholipid syndrome (APS) is diagnosed when arterial or venous thrombosis, or recurrent miscarriages occur in a subject in whom laboratory tests for antiphospholipid antibodies (aPL) (anticardiolipin antibodies (aCL), or lupus anticoagulant (LAC), or both) are positive. 1 Because thrombotic disease, miscarriage, and transient aPL positivity are not uncommon events, persistence of aPL positivity must be demonstrated and all other causes and contributory factors considered. In each patient this syndrome is considered primary, if unassociated with any other underlying disease, 2 or secondary, if it appears in association with other autoimmune disorders, mainly systemic lupus erythematosus (SLE) but also with other conditions-for example, carcinoma, vasculitic syndromes, drug administration, etc. 3 An international workshop recently reported a consensus statement on classification criteria for APS. 4 Pulmonary manifestations, including pulmonary embolism and infarction, 5 pulmonary hypertension, 6 7 adult respiratory distress syndrome (ARDS), 8 intra-alveolar haemorrhage, 9 primary thrombosis of lung vessels, both large 10 and small, 11 as well as pulmonary capillaritis, may be associated with this syndrome in both the primary and secondary forms. 12 Less commonly, a postpartum syndrome 13 and fibrosing alveolitis 14 associated with APS have been described. Obviously, many of these manifestations are interrelated and they may occur simultaneously in the same patient. 15 
PULMONARY MANIFESTATIONS IN THE APS Pulmonary embolism and infarction
The first major pulmonary complication to be recorded was pulmonary thromboembolic disease, which does not differ clinically from "ordinary" emboli, a disease in aPL negative patients. It constitutes the most common pulmonary manifestation of the APS and may be the first manifestation of the disease. 5 Recurrent pulmonary emboli may give rise to pulmonary hypertension 16 that may, unusually, in severe cases, be accompanied by isolated tricuspid valve insufficiency. 10 17 "Pulmonary embolism may be the first manifestation of APS" Management of the acute thrombotic event is the same in patients with APS as in the general population. Patients require anticoagulation treatment with heparin followed by warfarin. Long term (possibly lifelong) oral anticoagulation is the optimum prophylactic treatment for recurrent thrombosis and appears to be more effective than antiaggregants. 18 19 Nevertheless, the recommended therapeutic international normalised ratio (INR) remains controversial. Some authors have reported that high intensity anticoagulation (INR>3) is more effective than low intensity anticoagulation (INR<3) in preventing recurrences, although the risk of haemorrhage complications is higher. 18 20 Multicentre prospective trials are needed to determine the optimal range of anticoagulation without increasing this bleeding risk. While awaiting these results, we recommend that an INR ranging between 2.5 and 3.5 is maintained. 19 
Pulmonary hypertension
The prevalence of pulmonary hypertension in APS associated with SLE and the primary APS has been estimated to be between 1.8% and 3.5%, respectively. 21 The development of pulmonary hypertension in APS may result from various causes. Recurrent pulmonary embolism is assumed to be the leading cause of pulmonary hypertension in APS. 6 The prevalence of aPL in patients with chronic thromboembolic pulmonary hypertension varies between 10% 22 23 and 20%. 24 It is likely that chronic thromboembolic pulmonary hypertension after pulmonary thromboembolism develops more frequently in the presence of aPL. The association of pulmonary hypertension with aPL was first reported in 1983. 25 Since this original communication, there have been many other reports describing this association, not only with SLE [26] [27] [28] [29] [30] but also in the primary APS. 2 31-34 In a prospective analysis of 500 patients with SLE, a statistically significant Abbreviations: aCL, anticardiolipin antibodies; aPL, antiphospholipid antibodies; APS, antiphospholipid syndrome; ARDS, adult respiratory distress syndrome; INR, international normalised ratio; LAC, lupus anticoagulant; SLE, systemic lupus erythematosus association between pulmonary hypertension and the presence of IgA aCL above 2SD has been described. 35 An extended study performed on 667 patients with SLE confirmed the association of pulmonary hypertension with aPL, but the criteria used were not precisely defined. 36 On the other hand, several studies have failed to show any association with pulmonary hypertension and the presence of aPL. 37 38 Several cases of "primary" (non-thromboembolic) pulmonary hypertension complicating primary APS have been described. 2 7 34 39 Luchi et al interpreted their case as the coexistence of pulmonary thrombosis with primary pulmonary hypertension, 7 which would explain the plexogenic lesions found on lung biopsy. However, plexogenic lesions are also known to occur in chronic thromboembolic pulmonary hypertension.
The role of aPL in the pathophysiology of "unexplained" primary pulmonary hypertension is unclear at this time. In a group of 30 patients with idiopathic (non-SLE) primary pulmonary hypertension, four had aPL (LAC in two and low IgG aCL in three). 40 Conversely, a recent study described a higher prevalence of aPL in thromboembolic pulmonary hypertension than in primary pulmonary hypertension. 41 All forms of severe pulmonary hypertension may be complicated by superimposed in situ thrombosis, 42 and the risk of categorising some patients with pulmonary hypertension as definite APS has been described. 4 Other explanations might include a role for activated platelets; for an interaction between aPL and endothelial cells on the pulmonary vasculature, leading to vascular remodelling; or the implication of endothelin-1, a peptide that induces vasoconstriction and stimulates the proliferation of vascular muscle cells. High levels of endothelin-1 have been found in both plasma and lung tissue of patients with primary pulmonary hypertension 43 and in plasma of patients with APS with arterial thrombosis. 44 Portal hypertension 45 or pulmonary veno-occlusive disease, 46 as mechanisms leading to pulmonary hypertension, may also occasionally be encountered with APS positivity.
"The outcome in patients with pulmonary hypertension and APS is usually fatal"
To manage pulmonary hypertension, chronic anticoagulation is needed in all cases to prevent the occurrence of new thrombotic events, 47 and this seems to be particularly true for patients with APS. 18 If pulmonary hypertension is secondary to recurrent thromboembolism, the placement of an inferior vena cava filter may be recommended. 48 In some patients with very severe disease, successful thromboendarterectomy has been performed. 10 24 49 Other treatments are those used in primary pulmonary hypertension that is "unexplained" or associated with systemic autoimmune disease. According to the results of acute drug testing, patients are given vasodilators such as calcium channel blockers, but unfortunately only one third of patients respond to this vasodilator challenge. 26 50 In severe cases, continuous intravenous prostacyclin infusion with a pump may be useful. 51 Cyclophosphamide has also seemed to be beneficial in primary pulmonary hypertension associated with connective tissue disease, but there is no experience of this treatment in APS associated primary pulmonary hypertension. 26 Finally, diverse surgical procedures (atrial septectomy and double lung, single lung, or heart-lung transplantation) in patients refractory to medical regimens have been described. The mortality remains high and, in general, the outcome in patients with pulmonary hypertension and APS is usually fatal, 7 29 40 although a patient with primary APS and primary pulmonary hypertension with a survival since diagnosis of more than 20 years has been described. 34 
Pulmonary arterial thrombosis
In some patients the thrombotic obstruction occurs at the level of the large, elastic pulmonary arteries. Six patients with APS and major pulmonary arterial thrombosis have been described up to the present time. 7 10 24 52 Five of them were treated with thromboendarterectomy, with this procedure being successful in four. A fatal outcome in the remaining patients was in fact expected given the severe clinical and haemodynamic abnormalities which were present. Despite these good results these patients should continue to receive long term oral anticoagulation treatment.
Pulmonary microthrombosis
Certain patients with APS present with widespread thrombotic occlusions affecting the small pulmonary arteries or alveolar capillary lumens. 8 11 12 16 53 Three of six patients showed isolated microthromboses on lung biopsy without evidence of pulmonary capillaritis or alveolar haemorrhage. 11 12 16 These three patients had been diagnosed previously as primary APS. Clinically, the first presented with fever, cough, mild haemoptysis, and shortness of breath at rest and at minimal exercise. Chest radiography showed bilateral patchy infiltrates. Pulse methylprednisolone was given followed by 50 mg prednisone daily and heparin, and the patient's condition improved dramatically within days. The second patient presented with fever and pain in her left chest, showing a consolidation of the left lingula and a pleural effusion on chest radiography. Unfortunately, the treatment and evolution of the disease in this patient was not reported. The third patient presented with dyspnoea and pulmonary hypertension with involvement of tricuspid and mitral valves. His clinical course deteriorated progressively despite treatment with high dose steroids and continuous intravenous heparin, and he died of intractable cardiac failure. The remaining cases showed alveolar haemorrhage and pulmonary capillaritis on the lung biopsies, presenting with a clinical picture of ARDS. Two of these patients died, one of them despite receiving high dose steroids, heparin, aspirin, and azathioprine. The remaining patient improved gradually with the administration of IV pulses of methylprednisolone.
Adult respiratory distress syndrome (ARDS)
ARDS is an uncommon, devastating clinical syndrome of acute lung injury characterised by an acute onset, with arterial hypoxaemia refractory to treatment with supplemental oxygen. Radiographically, there are bilateral infiltrates which may be patchy or asymmetrical, and there may be accompanying pleural effusions. 54 Up to the present time, 27 patients with ARDS and the APS have been reported, 8 53 55-58 21 of them with catastrophic APS, 58 with a mortality of 52%, despite full anticoagulation treatment, high dose steroids, and immunosuppression. Histological examination of lung specimens disclosed extensive small vessel thromboses, intra-alveolar haemorrhage, hyaline membrane formation with or without pulmonary capillaritis. The mechanism of ARDS in APS is unclear. In the absence of inflammatory changes, an acute increase in hydrostatic pressure by an occluding embolus may cause exudation of fluid from blood vessels into the lung parenchyma. 56 Pulmonary microembolism may cause vascular injury in the pulmonary circulation and increase the transport of proteins through the pulmonary microvascular barrier into the parenchyma. 8 Management consists, in addition to anticoagulation, of high dose steroids, and occasionally, pulse cyclophosphamide and plasmapheresis.
Intra-alveolar pulmonary haemorrhage Diffuse alveolar haemorrhage is always a potentially life threatening situation and may be the initial manifestation of APS. 59 Patients are usually middle aged and male and may present with symptoms such as ranging cough, dyspnoea, and fever with or without haemoptysis, progressing to symptoms of acute respiratory failure. 60 The main laboratory features are hypoxaemia and anaemia, and chest radiography shows rapidly changing and extensive alveolar infiltrates. The diagnosis is one of exclusion and, as with other systemic autoimmune diseases, other causes of diffuse alveolar haemorrhage, such as uraemia, coagulopathy, pulmonary embolus, or infection, need to be excluded. Bronchioalveolar lavage may be useful in showing the presence of haemosiderin laden macrophages. Lung biopsy should only be considered if potentially diagnostic tissue cannot be obtained from any other site. 61 Histopathologically, alveolar haemorrhage and microvascular thrombosis with or without pulmonary capillaritis are the main findings. 12 55 62 Almost all the patients who were treated with corticosteroids improved, regardless of additional treatment with cyclophosphamide. Therefore, the treatment of diffuse alveolar haemorrhage in APS should start with corticosteroids (usually intravenously at high dose-for example, 1 g methylprednisolone daily for three to five days) if the patient presents with severe respiratory distress. Two patients who did not respond to intravenous hydrocortisone and pulse methylprednisolone improved with plasmapheresis, 9 63 and one patient improved upon institution of intravenous immunoglobulin treatment. 59 If there is active bleeding it may be necessary to withhold anticoagulation, and to restart treatment as soon as the pulmonary status has improved. Another important point is the potential for relapse without immunosuppressive treatment, which occurred in three patients. 59 64 Thus a subset of patients may require long term immunosuppression, as is the case in other types of pulmonary capillaritis.
Postpartum syndrome
In 1986, Branch et al described, in several of their patients, a clinical picture consisting of spiking fevers, pleuritic chest pain, and dyspnoea, with chest radiographs showing pleural effusions and patchy infiltrates. 13 Cardiac conduction defects were present in one patient. Another case with similar characteristics was described in 1994 by Kupferminc et al. 65 A woman post partum developed fever, pulmonary infiltrates, cardiac conduction defects, and renal insufficiency after severe pre-eclampsia. She tested positive for LAC and aCL, and responded to steroid treatment and plasmapheresis. These cases may in fact be examples of microangiopathy and possibly catastrophic APS.
Fibrosing alveolitis
Only two case reports have reported the association of fibrosing alveolitis and APS until now. 14 66 The first report was of a man with definite primary APS who developed insidious diffuse pulmonary infiltrates. Histopathological examination of the lung showed alveolitis and fibrosis. The second was a patient with cryptogenic fibrosing alveolitis who developed pulmonary embolism and myocardial infarction in the presence of APS. Possibly, this rare association might simply reflect the concurrence of two entities in the same patient without a causal relationship between aPL and this condition.
In conclusion, patients with APS may develop a broad spectrum of pulmonary involvement, pulmonary thromboembolism and pulmonary hypertension being the most common complications described. In addition to these manifestations, patients with microvascular pulmonary thrombosis, pulmonary capillaritis, and alveolar haemorrhage have also been reported. Clinicians should seriously consider these types of vascular injury when evaluating patients with APS who present with dyspnoea, fever, and infiltrates on chest radiography. These conditions might occur as separate entities or may, in fact, form part of ARDS. Therefore, in the presence of these clinical features, clinicians must consider searching and testing for aPL when no other cause can be determined.
As treatment, long term anticoagulation is needed in all cases, at least to prevent the occurrence of new thrombotic events. There is not enough experience with immunosuppression in APS associated pulmonary hypertension. High dose steroids may be useful in the case of non-inflammatory vasculopathy (ARDS, pulmonary microthrombosis, and alveolar haemorrhage). The role of cyclophosphamide and other treatments, such as plasmapheresis or the administration of immunoglobulins, has not been well researched. The clinical setting will usually dictate whether additional treatments are required in these cases. 
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